ABSTRACT. The mutagenicity of 15 household dog urine specimens were measured by the combination of blue rayon extraction and ultramicro forward-mutation method with Salmonella Typhimurium TM677 strain. A good dose-response relation was observed between the urine volume and mutation frequency. The minimum amount of urine required was 20 ml or less. The specific mutation frequency of urine greatly varied from one dog to another. The average specific mutation frequencies in the presence and absence of S9 mix were 28.7 ± 51.5 (× 10 4 ) and 12.0 ± 13.3 (× 10 4 ), respectively, and there was no significant difference between them. The mutation frequency markedly increased after the ingestion of broiled fish. Ten human urines specimens showed a similar level of specific mutation frequency to that of the dog urine specimens in both the presence and absence of S9 mix. -KEY WORDS: blue rayon, mutagenicity, urine (canine).
observed between the urine volume and average mutation frequency ( Fig. 1) , although the mutation frequency was lowered in the absence of S9 mix in more than 0.5 ml of the mixed urine used. The decreased mutation frequency seemed to be ascribed to toxic substances in the mixed urine against the Salmonella strain. These results indicate that the mutagenicity of the dog urine can be measured by the present combination method and that the household dogs fed on a commercial dog food excrete mutagenic substance There are a number of mutagenic or carcinogenic chemical substances in the environment and food. It is of significance to investigate the effect of such substances on the incidence of cancer in companion animals as well as in humans, because an increasing number of cancer cases among household dogs has been reported in recent years [14] .
Animals possess a function to eliminate toxic substances as much as possible from the body. The kidney is an important organ in that it eliminates unnecessary metabolites and toxic substances from the body by excreting them in urine. Consequently, it may be possible to understand to some degree the state of exposure of animals to toxic substances by measuring them excreted in the urine. The mutagenicity of human urine has principally been measured by the Ames method and its assessment has begun to be published [1-3, 5, 7, 10, 15] . There have been, however, few reports on the measurement of mutagenicity of the urine of companion animals.
In the present study, the mutagenicity of the urine of household dogs and some factors that affect the mutagenicity were investigated by employing a combination method of blue rayon extraction [4] and the ultramicro forwardmutation method which has recently been reported to be a highly sensitive mutagenicity test method [13] .
As a preliminary experiment, a mixture of urine specimens (30 ml) collected from five dogs was extracted with 0.4 g of blue rayon (Funakoshi Technical Service, Tokyo) for 30 min with occasional shaking at 37°C. The blue rayon was squeezed, rinsed once with distilled water, and extracted with 50 ml of a methanol-ammonia water mixture (99 :1 v/v) (Wako Pure Chemical Industries, Ltd.,Osaka) for 30 min with shaking at 37°C. The mutagenicity of the extracts was tested in duplicate by the ultramicro forward-mutation method with Salmonella Typhimurium TM677 strain [11] in the presence and absence of S9 mix. A good dose-response relation was into the urine. The minimum amount of urine required was 20 ml or less. The urine samples(20 ml each) were collected from 15 healthy dogs (10 females and five males) were subjected to the same method for mutagenicity test as described above. Each urine sample showed a good dose-response relation. However, a more or less lowered mutation frequency was also observed in relatively large volume of urine used in any of the samples particularly in the absence of S9 mix. The specific mutation frequency was calculated from the slope of the initial linear portion of each dose-response curve by the least squares linear regression method. As shown in Table 1 , the mutation frequency of dog urine greatly varied from one dog to another. In the presence of S9 mix, the maximum and minimum values of mutation frequency were 169.0 × 10 4 and 0.8 × 10 4 , respectively, and in the absence of S9 mix, 46.0 × 10 4 and 0.4 × 10 4 , respectively. Furthermore, the mutagenicity was higher in some dogs with S9 mix and in other dogs without S9 mix, suggesting that mutagens were different in quantity and in quality from subject to subject. However, no significant difference was detectable in the average value between the presence and absence of S9 mix.
Some dogs showed an extremely high level of mutagenicity; dog A that consumed well water and Dog O fed broiled fish. It has often been reported that well water is contaminated with mutagenic and carcinogenic substances such as 1,1,1-trichloroethane and trichloroethylene [8, 9] and also that broiled fish contains mutagenic and carcinogenic compounds such as polycyclic aromatic hydrocarbons (PAHs) (e.g. benzo[a]pyrene) and heterocyclic amines (e.g. 2-amino-3-methylimidazo [4,5-f]quinoline, 2- [6, 12] . In the present study, the effect of broiled fish ingestion on the mutagenicity of dog urine was also examined ( Table 2) . Nine dogs were fed about 100 g of broiled fish (tuna or yellowtail) at a time in addition to the commercial dog food. Urine samples were collected about 24 hr after the ingestion of the broiled fish. The average mutation frequencies increased approximately five and seven times after the ingestion of the broiled fish in the presence and absence of S9 mix, respectively. Significant differences were observed in the average mutation frequency between before and after the ingestion of broiled fish in both the presence and absence of S9 mix (P<0.05). The mutagenicity of individual human urine collected from 10 males (non-smokers) was analyzed by the same method ( Table 3 ). The mutation frequency was varied among urines samples as seen in dog urine samples. There was no significant diffence in the average value between the presence and absence of S9 mix and also between human and dog urine samples. It was found in this study that the combination of blue rayon extraction and the ultramicro forward-mutation method with Salmonella Typhimurium TM677 strain is fully applicable to the measurement of mutagenicity of a small quantity of animal and human urine samples and of daily or hourly change caused by some factors like food and drinking water. It was also revealed that household dogs fed ordinary commercial dog food has almost the same level of mutagenicity of the urine as do humans, which is markedly affected by the ingestion of broiled fish. ± 11.9 ± 1.9 ± 89.9 ± 13.9 a) Broiled fish (100 g) was given to the dogs at a time with commercial dog food and urine samples were collected about 24 hr after the feeding. b) Significantly different (P<0.05) from c) and d). Significantly different (P<0.05) from b) and e). f) S.D., standard deviation. 
